Introduction
Everyone needs to practice a good body posture and frequent body movements no matter where they are working either in production lines, construction sites, office, laboratory, or warehouse. In ergonomics point of view, performing tasks in good work posture and frequent body movements can minimize the risk for musculoskeletal disorders. In industrial settings, sometimes the workers perform tasks in poor and static body posture due to improper designs of workstation and job tasks or if the workers did not receive any sufficient training on ergonomics. Poor work posture may expose the workers to different types of occupational sprain and strain, which one of the most reported cases of workplace injury. In 2016, the United States Bureau of Labor Statistics reported that almost 317,530 workers were suffering from different type of occupational injury such as sprains, strains and tears. Furthermore, 892,300 workers were absent from work due to occupational injuries [1] . According to the United States Centers for Disease Control and Prevention's (CDC) National Institute for Occupational Safety and Health (NIOSH), musculoskeletal disorders such as sprain and strain have been linked to huge costs to companies' owners such as workers absence from work, productivity lost and worker's medical compensation costs [2] . The 2017 Liberty Mutual Workplace Safety Index estimated that musculoskeletal disorders were associated with overexertion costs of $13.8 billion in 2014 [3] . The trend of the occupational injuries associated with sprain and strain is similar in developing countries; for example, Malaysia. According to Social Security Organization (SOCSO) of Malaysia, 20,440 sprain and strain cases were reported in the past 3 years [4] [5] [6] .
In recognizing the importance of practicing good work postures at the workplaces, postural assessment tools are needed. The postural assessment tools can be classified into observational method and direct measurement method. In direct measurement method, instruments such as electrogoniometer, motion capture and surface electromyography could be used. Meanwhile the observational method includes Ovako Working posture Analyzing System (OWAS) [7] [8] , Rapid Entire Body Assessment (REBA) [9] and Rapid Upper Limb Assessment (RULA) [10] . The RULA is one of the common tools used by ergonomists, industrial practitioners, and occupational safety and health professionals for assessing body posture in relation to workstation and task designs. The RULA method produces scores which indicate the level of action required to improve the work posture.
Since its development, the RULA has undergone several phases of evolution in line with the technological advancement. The RULA has started with pen and paperbased method, whereby a user can obtain the RULA score through a worksheet form which known as RULA Employee Assessment Worksheet [10] . This is a manual method which cost effective, however, it is time consuming to process and analyze the data (especially when the number of assessments is huge). Moreover, a manual calculation of RULA grand score can lead to computational errors. In recent times, an integrated computer aided analysis and 3D digital human modelling was developed as an alternative to the manual method. The advantage of using computer aided analysis is the ability to draw a 3-dimensional (3D) view of workstation and able to handle or store big postural data. In contrast, users should undergo a training to make them familiar and able to use the software competently. Moreover, it is time consuming as the users require to draw the workstation, and at the same time the RULA input data, such as body part angles, the frequency and magnitude of the load need to be supplied. Examples of works of 3D simulation based RULA can be found in research studies of Fritzsche [11] , Chang and Wang [12] and Chang [13] . In line with the advancement of mobile devices technology, a past study had developed a RULA Mobile Android Application Software to ease the computation of RULA scores [14] . Similar to RULA Employee Assessment Worksheet and 3D digital human modelling software, the RULA Mobile Android Application Software requires a user to supply the RULA input data.
Lately, numerous research studies have developed an integrated RULA-Kinect TM system for work posture assessment. The system deployed the Microsoft Kinect TM camera for collecting data and assessing the postural stress. A reputable study proved that the Microsoft Kinect TM camera and the established 3D motion analysis systems had comparable inter-trial reliability and excellent validity [15] . Initially, the Microsoft Kinect TM camera is a kind of sensor used in computer gaming technology. This camera was developed by Microsoft in 2010 to enable a gamer to interact with the video games using body postures and movements [16] . A Microsoft Kinect TM camera consists of an infrared projector and an infrared camera. It works when the infrared projector projects an infrared pattern in the field of view of the Microsoft Kinect TM camera. At the same time, the infrared camera senses the reflected pattern, where a depth image is created by measuring the deformation of the projected infrared pattern [17] . The validity and practicality of applying the Microsoft Kinect TM camera in assessing work postures in the actual workplaces have been proved by Plantard et al [18] . Furthermore, the accuracy Microsoft Kinect TM camera is comparable to the existing 3D motion capture systems and provides a lowcost solution [17] , faster and required less equipment [19] . The advantage of using Microsoft Kinect TM camera is its ability to perform a video recording of task activities and detection of body movements simultaneously. Integrating the Microsoft Kinect TM camera with computer codes of RULA allows an assessment of body postures at the workplaces in real time mode. Through this technique, the RULA score can be obtained by synchronizing with the change of body postures during task performance.
Several studies [17] [18] [20] [21] [22] have applied Microsoft Kinect TM camera to develop postural assessment system; however, usability issues of the developed systems are still unexplored. Due to unavailability of the qualitative feedbacks from the potential users, limitations and practical issues exist in the developed systems remain unknown; hence further improvement is not possible. Hence, this study developed a postural assessment system which integrates RULA and Microsoft Kinect TM camera (X-Box one) to capture the real time postural behaviors, to measure the angles of body parts, and to compute the RULA score which includes the action levels and suggestions for improvement. Additionally, this study carried out a usability evaluation exercise to determine and analyze the feedbacks from the novice and expert users with regards to their experiences while using RULA Employee Assessment Worksheet and the Integrated RULAKinect TM system which developed in this study. The information from this exercise will certainly benefit the ergonomics assessors and occupational safety and health professionals to ensure the feasibility and practicality of using the Integrated RULA -Kinect TM system.
Methodology
This study consists of two stages. 
Skeletal tracking
The Microsoft Visual Studio was used to compile the programs of Integrated RULA-Kinect TM system. In addition, the Microsoft Kinect TM was installed to enable the image captured by the Kinect TM camera appears on the computer screen. The Kinect Software Development Kit (SDK), the local database (xampp) and the .NET 
Body parts angles measurement
As illustrated in Fig. 1 , the dots represent the position of body joint. Meanwhile the continuous green lines represent the skeleton of body parts. This study used the Kinect SDK because it is easy to obtain the skeletal data from the Kinect TM camera X-box One once tracking starts. This camera can detect twenty body joints/ points such as head, left and right hands, left and right wrists, left and right elbows, left and right shoulders, spine, hip center, left and right hip, left and right knee, left and right ankle and both feet. 
RULA score computation
A Graphical User Interface (GUI) was designed to ease the communication between the user/ ergonomics assessor and the Integrated RULA-Kinect TM system. The Integrated RULA-Kinect TM system has two GUIs as shown Fig. 2 and Fig. 3 respectively. The first GUI captures the personal details, work activity and demographics of the worker to be assessed. It includes ID number, full name, department/ organization, work activity, age, gender, nationality, body weight and height. Once these information were entered in GUI one, the assessor click a button (Let's Go) to proceed to GUI two.
A rule set based on RULA Employee Assessment Worksheet was coded using Microsoft Visual Studio. Input data (posture angle and other factors such as load, frequency, etc.) will be matched to the rule set. Based on the input data, the rule set makes decisions on the RULA score. Due to lengthy programming codes, this study provides a sample of RULA score calculation for trunk posture using else if method.
if ( 
RULA score database
A database was created to save the RULA results and images of postures corresponding to the RULA score. The advantage of this database is that the user can track which postures having a high RULA score for further analysis and improvement. Fig. 4 shows the images of the captured postures in the database. 
RULA results print
This Integrated RULA-Kinect system is equipped with 'Print the RULA results' which enabled users to view the RULA results in pdf and excel files that saved in the database. The results have the following information: personal details and work activity of the subject/ worker, RULA score A and RULA score B for left and right, RULA grand score, description of score (RULA action level), recording time and postures analysed. Fig. 5 shows an example of printed RULA results. 
Validation of Integrated RULA-Kinect TM System
The validation of RULA score generated by the Integrated RULA-Kinect TM system was tested by comparing to RULA score computed by the RULA Employee Assessment Worksheet [10] . Ten novice users who having engineering educational background and fundamental knowledge of RULA application participated in the validity study. Various work postures of ten operators from nine different workstations (e.g. lathe machine, photocopy machine, car service workshop and bag printing station) were assessed by both assessment methods (Integrated RULA-Kinect TM system and RULA Employee Assessment Worksheet). Statistical analysis associated with student t-test was performed to compare the mean of RULA score from the two assessment methods. Details of validation methods and results have been published in the earlier article [23] .
Usability study of Integrated RULAKinect TM System
This study organized a focus group meeting on 1st August 2017, from 9:00 am to 12:00 noon. The venue for the focus group meeting was the Collaborative eLearning Room located in the Faculty of Information Technology and Computers, Universiti Teknikal Malaysia Melaka. This room is conducive, relaxed and comfortable. The focus group consisted of eight participants who were divided into 2 groups (novice and expert). The participants of novice group were four females (three lecturers and one postgraduate student) who have basic knowledge on RULA method. Meanwhile the expert group comprised four male lecturers who had received extensive training in ergonomics and experienced in assessing work postures using RULA method. Prior to the focus group meeting, all participants were contacted by the researchers to explain the purposes and roles in the focus group meeting. Once the participant agreed, an official email was sent to them to ensure that they can concentrate and give a full commitment during the focus group meeting. There were five researchers involved during the focus group meeting. One of the researchers acted as a session moderator. Meanwhile the rest facilitated the progress of the focus group meeting such as demonstrating the use of the Integrated Kinect-RULA system, recording the video of the focus group activities, and taking notes of verbal feedbacks from the participants. Each group of participants was provided with one lap top, multicolor sticky notes, white board markers and eight copies of RULA Employee Assessment Worksheet which printed from the online. In the room, both novice and expert groups were separated about 6 meters away to enable them to discuss independently. In terms of language, the participants were allowed to speak in English or Bahasa Malaysia to minimize the communication barriers.
The main purpose of the focus group meeting was to obtain participants feedbacks regarding the usability in using RULA Employee Assessment Worksheet and the Integrated RULA-Kinect TM system. The focus group meeting consists of three main activities. The activities were: 1) usability study on RULA Employee Assessment Worksheet, 2) usability study on Integrated RULAKinect TM system and 3) card sorting of both usability studies. The think-aloud protocol [24] was applied for both Activity 1 and Activity 2. The participants jotted down their usability feedbacks on the multicolor sticky notes for both activities.
In Activity 1, participants of both groups were explained on the purpose, application and procedures to use the RULA Employee Assessment Worksheet. This was carried out through a slide presentation by a researcher. Next, participants of both groups were requested to complete the RULA Employee Assessment Worksheet. One of the researchers demonstrated two different types of tasks at a stand white board (the task was adjusting the height of the whiteboard, writing and erasing the whiteboard) that requires several variations of work postures.
In Activity 2, rather than using RULA Employee Assessment Worksheet the participants were using the GUIs of the Integrated RULA-Kinect TM system. The researchers informed the participants these instructions:
1 . This activity is a continuation from Activity 1 and Activity 2. At the beginning of this activity, the researchers briefed the participants how to execute the card sorting activity. The feedbacks received from Activity 1 and Activity 2 were categorized by the participants into six concerns: 1) drawback; 2) difficulty level; 3) accuracy level; 4) time taken; 5) feeling; 6) suggestion. The participants worked in their groups to compile and sort their feedbacks which were written in the multicolor sticky notes. Then, the multicolor sticky notes were pasted onto glass writing board according to six above mentioned concerns. The participants were asked to talk out loud while sorting the multicolor sticky notes. This can help the researchers to understand the participants' expectations, difficulties and feelings.
Results
This section provides brief results of validity test of the Integrated RULA-Kinect TM system. In addition, results of usability study are presented.
Validity of Integrated RULA-Kinect TM System
Statistical analysis associated with student t-test proved that there is no significant difference in RULA scores generated by the Integrated RULA-Kinect TM system and the RULA Employee Assessment Worksheet. In other words, results of validity study showed that the RULA scores produced by the Integrated RULAKinect TM system are consistent with the scores from the RULA Employee Assessment Worksheet. Details of statistical analysis results been presented in [23] . Table 1 summarizes the feedbacks from the novice and expert groups in using the RULA Employee Assessment Worksheet. The participants of the novice group pointed that the limitation of the RULA Employee Assessment Worksheet is when to assess the work postures in dynamics movements. They had a difficulty in determining accurate angles of the body parts, hence leads to inaccurate assessment. In terms of operability, they thought that assessors could miss out some of extreme postures when assessing a continuous task. The novices also found that the RULA Employee Assessment Worksheet is time consuming when assessing large samples of work postures.
Usability study -card sorting
The expert group found that the RULA Employee Assessment Worksheet is easy to use; however, the estimation of body angle made by the users might be inaccurate. Furthermore the RULA Employee Assessment Worksheet is time consuming. However, they enjoyed in using the RULA worksheet, but to make a decision on the RULA scores is very challenging. In addition, they also proposed to have an automated system to counter the abovementioned limitations.
On the other hand, the Integrated RULA-Kinect TM system has received different feedbacks from both novice and expert groups, as tabulated in Table 2 . The participants of novice group concerned more with the GUIs design. They found that one of the limitation of the GUIs was to unable to display the time of recording when the postural assessment is in progress. They also worried about the sensitivity of the Kinect camera to detect precisely the movement of body parts, for instance, the Integrated RULA-Kinect TM system might capture arm abduction while the worker or subject trying to raise the hands, in fact, when there is no any arm abduction. The novice participants agreed that the Integrated RULAKinect TM system is easy to use. In terms of operability, they pointed that the GUI two should alert users to observe the task beforehand prior to assessing the work posture. They were also concerned about the ability of the Kinect camera to detect the wrist angles when a worker or subject is performing a task that can hide the wrist view, for e.g. inserting electronics components in a carton. Furthermore, the GUI two should be equipped with a START and STOP buttons to indicate whether the recording and assessment of posture is still ongoing or stopped.
As for the expert group, they pointed two major drawbacks in the GUIs of the Integrated RULAKinect TM system. In GUI two, the check box of 'shoulder is raised' is not a good enough control to represent the actual movements of body parts, for an example, raise/ or not raise of the shoulder during the cycle of task. Hence it will affect the whole duration of the assessment which can change the RULA score.
Similar to novice participants, the expert participants also found that the Integrated RULA-KinectTM system is easy to use. In terms of operability, they found that the Integrated RULA-Kinect system has offered few features such as ability to record many different postures, integration of results with pictures with respect to the RULA score and detailed information on each body posture. The expert group felt that the prototype of Integrated RULA-KinectTM system developed by this study is more convenient compared to the RULA Employee Assessment Worksheet. Table 1 Feedbacks from novice and expert in using RULA Employee Assessment Worksheet. 
Not available
2) Difficulty 1) Hard to obtain exact angle of posture.
2) Hard to be accurate in assessment.
3) Assessor need to be experienced and understand the worksheet procedures. 4) Confuse to select posture to assess.
3) Operability 1) Assessor could miss some of the extreme or important task (human error) action. 2) Recording can only be from one side of body 3) Assessment may not be accurate -some postures can't be captured 4) It might capture arm abduction while worker trying to raise the hands, while in fact there is no arm abduction. 5) Control button seems a bit crowded. 1) Wrong setting can affect the score, option is to add setting after reviewing the capture frame. 2) Shoulder is raised option is not sensitive (it affects the whole duration -change the RULA score).
2) Difficulty 1) Easy to use especially for user who familiar with RULA.
1) Ease of use, much easier to use
3) Operability 2) GUI: Must observe the task first before assessing work posture. 3) GUI: wrist angle can be hidden thus obscuring the posture identification by Kinect. 4) GUI: Once click "PLAY" button, need a shout box to appear to alert user that recording has started. Some goes with the "STOP" button. 5) GUI: why 40 frames per minutes? Need to be explained to the users. 6) Advantages: This is good application, have access on two side of body, so that the results more accurate. 7) RULA calculation from Kinect GUI is different with manual calculation. 6) Suggestions 1. It will be easier if the GUI has a button to view data. 2. Add 'dialog box' -to explain to people / users definition /usage of each feature. 3.
Step 13 has missing words after or / missing in GUI. 4. Control button to adjust the score, e.g.
shoulder is raised.
1) Improvement needed on graphics resolution. 2) Layout must be sharp. 3) Looks dull and crowded.
Usability study -observation and verbal feedbacks
The researchers managed to capture several important notes when the participants voice out their concerns in the focus group session. As an example, while using the RULA Employee Assessment Worksheet, the participants were confused in deciding which posture to be assessed when worker or subject is performing a continuous task. However, in the Integrated RULAKinect system, they faced a problem when dealing with the GUI two. They proposed that the RULA score modifiers such as 'shoulder is raised' and 'neck is twisting' need to be defined in the early stage of the assessment. The consequence may arise if they forget to tick the modifiers; means there is no adjustment of the RULA score, in fact the modifiers are necessary. This can lead to unreliable of RULA score. The participants proposed that having a menu or HELP button to explain each item in the GUI two (i.e. Modifiers) is a good idea to improve the Integrated RULA -Kinect system. This feature will certainly help the user/ assessors to understand better about the items. Besides, the existing GUIs are not very interesting, for instance, the fonts/ text colour is not contrast enough with the background. The participants were tended to refer to RULA Employee Assessment Worksheet as the fonts are clearer. The participants also expressed that the GUI two can be confusing for the first-time user. For examples, the groupings of check boxes are too close and the indicator for left and right of a body part is unclear. On the positive side, the Integrated RULA-Kinect TM system offers advantages when a user is intent to perform a quick assessment of postures at the workplace. Additionally, the results generated by the system can help users to trace the user to identify which task and posture required an urgent improvement. Meanwhile the RULA Employee Assessment Worksheet will take place if the users want to make a thorough investigation on a specific posture. The participants thought that the Integrated RULA-Kinect TM system is recommended if a user required rapid results.
Discussion
Both methods (RULA Employee Assessment Worksheet and Integrated RULA-Kinect TM system) have their own advantages and disadvantages. The RULA Employee Assessment Worksheet is low cost as it is pen and paper based; however, this method required the user to measure the angles of body posture in advance before filling into the worksheet. This worksheet may provide less accurate results due to limited data point, time consuming, and leads to computational errors as the calculation is performed manually, and of course it is not environmentally friendly due to paper oriented.
On the other hand, the Integrated RULA-Kinect TM system developed by this study has offered advantages in terms of easy to use, able to record, can assess many different postures and having a huge database for compiling results of entire assessment. However, based on focus group discussion, the Integrated RULAKinect TM system requires further improvement, especially its sensitivity to detect trivial actions of body parts such as shoulder, upper arm, neck and trunk. The sensitivity issue can be seen when assessing work postures of a worker or a subject who is doing a continuous task with various postures. For an example, if the worker performs an assembly of car tyre with his shoulder is alternating in these two conditions: raised and relaxed. In GUI two, if the assessor clicks the check box 'shoulder is raised', means that the computation of RULA score will consider 'shoulder is raised' (should add 1 score) from the beginning until the end of the assessment. In fact, the 'shoulder is raised' was occasionally and it was not happening constantly in the task. This sensitivity issue might occur in other conditions of RULA score adjustment such as 'if upper arm is abducted', 'if the arm is supported or person is leaning', 'if the arm is working across midline of the body', 'if the arm out to side of body', 'if wrist is bent from the midline', 'if neck is twisted', 'if neck is side bending', 'if trunk is twisted, and 'if trunk is side bending'. A wrong selection of the adjustment (e.g. 'if neck is twisted') can affect the validity of final RULA scores. This indicates the check boxes of the adjustment need to be removed in the GUI two, and the algorithm and programming codes should be enhanced so that the system can intelligently detect the changes or dynamics of the work posture. A recent study which used Kinect v2 (this version two is more accurate than first version) was also unable to resolve this issuethe study just provided a simple GUI for the user to set the RULA score adjustment [20] . Another solution to estimate body parts angle due to varied movements is through application of the inertial measurement unit (IMU) and Kinect camera, as proposed by Tian [25] .
Another concern on the Integrated RULA-Kinect TM system is its limitation to handle workplace environmental issues such as luminance, multiple number of workers/ subjects, obstructions and absorbing or reflective materials that affect the Kinect's IR depth sensors. The system has shown its constraint in assessing a work posture if the workplace is in a dim environment. The Kinect camera is able to visualize a skeleton image up to six workers/ subjects in one area at a time [26] ; however, body occlusions might appear if too many occupants. Another issue in the Kinect camera is unable to capture image of work posture if there are any obstructions due to machines, workstations, columns, etc., but this is common in an industrial setting. To counter this issue, two Kinect cameras are required for measuring two different viewpoints of work posture. This technique has been proven effective by previous studies [27] [28] . Besides that, a recent study proposed a correction framework which enables to estimate internal joint torques using inverse dynamics, which able to decrease the occlusion issues while assessing body postures at actual workplace [29] .
However, the Integrated RULA-Kinect TM system developed by this study has several advantages over the RULA Employee Assessment Worksheet. The Integrated RULA-Kinect TM system is purposely developed to perform a postural assessment at actual workstations and tasks. One of the significant advancements presented by this system is the Kinect camera itself, whereby the ability of the camera to measure the postural angles data of a worker performing his or her task at the workstation with more accurate and reliable. The data were then processed by the computer algorithms to simplify the RULA score calculation, thus minimizing the computing errors. Additionally, the Integrated RULA-Kinect TM system can generate a comprehensive report whereby results of the postural assessment are described with the aid of the respective images of posture and task, corresponding to the time of assessment. This feature will certainly can help ergonomics assessors to track which posture and task that required further improvement. In contrast, the RULA Employee Assessment Worksheet uses naked eyes to measure the postural angles, perform manual calculations of RULA score and no images aid. The Integrated RULA-Kinect TM system also eliminates the use of paper.
In terms of usability of the system, both novice and expert groups agreed to have a standard operating procedure (SOP) to guide potential users to operate the system correctly. Since the Integrated RULA-Kinect TM system consists of a hardware (Kinect camera) and RULA software which having multiple steps have to go through, a well written SOP can minimize the memory dependency. Indeed, the availability of SOP can benefit the new user or older users (age above 55 years). Researchers used of Kinect camera to capture body posture and RULA with elderly [30] and non-elderly user [31] . For instance, for the use of Kinect camera and the computer (RULA software), cognitive capabilities such as short term memory span and information processing speed [32] may influence the efficiency -how ease the user to operate the Integrated RULA-Kinect TM system.
Summary
Based on the feedbacks from the novice and expert participants, this study concluded that the prototype of Integrated RULA-Kinect TM system developed by this study was able to counter some limitations of the RULA Employee Assessment Worksheet such as pen and paper dependency. In addition, this prototype has provided a digital measurement of postural angle and RULA scores, however, further improvement on the system are still needed. Such improvement includes a better algorithm to detect the variation in postures involving shoulders, neck, trunk and wrists body parts, especially when these body parts involve in twisting, bending or trivial movements. If this improvement can be made together with better GUI, the Integrated RULA-Kinect TM system has a potential to be a quick postural assessment tool that is easy, reliable and convenient to use.
